crease in all three cellular elements of peripheral blood leading to anemia, leucopenia and thrombocytopenia. Pancytopenia usually presents with symptoms of bone marrow failure such as pallor, dyspnea, bleeding, bruising and increased tendency to infections. The incidence of various disorders causing pancytopenia varies according to geographical distribution and genetic mutations. It can result from either failure of production of hematopoietic progenitors in bone marrow, or malignant cell infiltration, or antibody-mediated bone marrow suppression, or ineffective hematopoiesis and dysplasia, or peripheral sequestration of blood cells in overactive reticuloendothelial system. The main causes of pancytopenia are aplastic anemia, hypersplenism, myelodyplastic syndrome, nutritional deficiencies leading to megaloblastic anemia, sub-leukemic (acute) leukemias, multiple myeloma, paroxysmal nocturnal hemoglobinuria and infections such as HIV, miliary tuberculosis, brucellosis, and leishmaniasis [1] .
Pancytopenia is not a disease entity but a triad of findings that may result from various disease processes, primarily or secondarily involving the bone marrow. Bone marrow aspiration and biopsy evaluation along with good clinical correlation are of utmost importance to evaluate the causes of pancytopenia and plan further investigations [2] . Pancytopenia is a common hematological problem with an extensive differential diagnosis, and the optimal diagnostic approach to pancytopenia remains undefined. Pancytopenia is not a disease but a triad of findings that may result from a number of disease processes. These disorders may affect bone marrow either primarily or secondarily, resulting in the manifestation of pancytopenia [3] . Pancytopnia can result from damage to bone marrow evidenced by low reticulocyte count, or increased destruction of preformed blood cells peripherally with increased reticulocyte count [4] .
Bone marrow examination is a simple and safe invasive procedure, which causes a moderate discomfort and can be performed easily. Its greatest utility is for investigating and it is an important diagnostic modality for evaluating the causes of pancytopenia [2] . In pancytopenia, the marrow can be hypocellular or hypercellular. The hypoplastic marrow, which occurs in 2% of pediatric ALL patients, may be misdiagnosed as aplastic anemia. Studies done have shown leukemia to be the second most common cause of pancytopenia in pediatric patients, marginally behind aplastic anemia [5] .
Methods and Materials
A retrospective study of 25 admitted cases of pancytopenia in the calendar year 2013 and 2014 was done; study was divided on the basis of age of detection, presence of clinical features, hematological parameters and final diagnosis of pancytopenic cases. Pancytopenia due to the effect of chemotherapy and radiotherapy were excluded from this study.
Pancytopenia is defined by the presence of the following 
Results
Out of 25 cases admitted as pancytopenia during these two years (2013 and 2014) 28% were diagnosed as megaloblastic anemia, 20% were diagnosed as aplastic anemia, 16% were diagnosed as MDS, 12% were diagnosed as AML, remaining 24% consists of SLE, Non Hodgkin's lymphoma, hypersplenism, HIV infection and hemophagocytic Syndrome. 52% of diagnosed cases were male and rest 48% were female. 48% of diagnosed case were between age of 30 to 59 years, 44% of diagnosed case were between age above or equal to 60 years and 8% were between age of 15 to 29 years.
80% of cases have clinical features of Anemia, 40% of cases have clinical features of thrombocytopenia; 36% of cases have clinical features of leucopenia. Reticulocyte counts were elevated in the case of SLE and hypersplenism. In hemophagocytic syndrome reticulocyte count was only 0.32%.
Megaloblastic anemia tends to be in male patient usually after 5th to 6th decade of their life. Clearly, nutrition deficiency and absorption disorder seems to be associating factors. Similarly myelodysplastic syndrome was also predominantly seen in patient after sixth decades of their life. Since the prevalence of malaria, Kalazar is quiet low in China as compared to other countries as a result of which pancytopenia due to tropical origin was quite rare in our study. Among leukemia incidence of acute myeloid leukemia in particular acute promyelocytic leukemia was found to be a important cause of pancytopenia, which is similar to other studies as well. In some part of world hypersplenism, hypocellular marrow (predominantly aplastic anemia) was the leading cause. • Cases of pancytopenia was divided according to the age group into three groups which is listed in Table 1 and Figure 1 .
Summary of Admitted Case of Pancytopenia
• Cases of pancytopenia were further divided on the basis of Gender which is listed in Table 2 and Figure 2 .
• Clinical Features associated with cases of pancytopenia are due to Anemia, Thrombocytopenia and Leukopenia which can be listed in Table 3 and Figure 3 .
• Cases of pancytopenia on initial detection was divided according to their Final Diagnosis and was listed accordingly as mentioned in Table 4 and Figure 4 . Table 5 .
Discussion
Pancytopenia should be suspected on clinical grounds when a patient presents with unexplained anemia, prolonged fever and tendency to bleed. The present study concludes that detailed primary hematological investigations along with bone marrow examination in cytopenic patients is helpful for understanding disease process, to diagnose or to rule out the causes of pancytopenia. It is also useful in planning further investigations and management [9] . Pancytopenia is present in various Hematological, Autoimmune and Infective diseases as our data above suggested. If we compare our data with other data, our data resembles to the data of other Asian Country whereas our data and British data are vastly different.
• On the basis of research published by BMJ in the year 2013 following evidence were documented as the leading cause of pancytopenia as listed in Table 6 .
• In the year 2014 research was published in Indian Journal which list the following etiology for the cases of pancytopenia as listed in Table 7 . • Following were the causes of pancytopenia as listed in Table 8 as the leading cause of pancytopenia according to research published on Journal of Pathology of Nepal in the year 2012.
• Among the Hematological Malignancies causing pancytopenia according to the research published on Journal of Pathology of Nepal on the year 2014 following evidence were documented as mentioned in Table 9 .
• Comparison was done between common cause of pancytopenia on the basis of our study with common cause of pancytopenia according to research published on various Journal and following evidence were documented as listed in Table 10 .
Smears of Cases of Pancytopenia
• Megaloblastic anemia: Bone marrow aspiration showed megaloblastic erythroid hyperplasia. Megaloblasts had the characteristic feature of sieved nuclear chromatin, asynchronous nuclear maturation and bluish cytoplasm with cytoplasmic blebs (Figure 5) . Giant metamyelocytes and band forms were predominant in granulocyte series.
• Aplastic anemia: Bone marrow (BM) showed hypocellularity with suppression of erythropoiesis, myelopoiesis and megakaryopoiesis with relative lymphoplasmacytosis (Figure 6 ).
• AML: Bone marrow was hypercellular in all cases. Erythroid and megakaryocytic series were reduced. Majority of cells were myeloblasts and lymphoblasts, constituting more than 40% and 30% of cells in marrow, respectively. Bone marrow aspirate showed myeloblasts with Auer rods (Figure 7 ).
• Peripheral blood picture showed pancytopenia, and gametocytes of plasmodium falciparum were seen in blood smear in both cases (Figure 8) . BM was hypercellular with megaloblastic change. No malarial parasites were seen on bone marrow smears. 
Cases

Understanding about Common Cause of Pancytopenia
 Megaloblastic anemia: Megaloblastic hematopoiesis is a hypercellular bone marrow failure syndrome intimately linked with abnormal cobalamin (B12) and folate metabolism or deficiency. These nutrients have a critical role in the synthesis of DNA. As a result, patients develop disordered blood cell proliferation, which subsequently can cause pancytopenia and altered immune function [10] . Megaloblastic anaemia was found to be predominant in various Indian studies because of high prevalence of nutritional anaemia in the Indian subcontinent. Most common complaints in their study and other Indian studies were fever followed by weakness and bleeding tendencies [2] . Vitamin B 12 is essential for normal blood synthesis and neurological function. Vitamin B 12 deficiency may cause megaloblastic anemia, subacute combined degeneration of the cord and psychiatric illness ("megaloblastic madness"). Notably, the degree of bone marrow suppression is typically inversely related to both the presence and severity of neurological involvement. As such, the coexistence of significant anemia and neurological deficits is thought to be rare [11] .  Aplastic anemia: Aplastic anemia is a potentially life-threatening failure of hemopoiesis characterized by pancytopenia and hypocellular bone marrow. Aplastic anemia is defined as pancytopenia with a hypocellular bone marrow in the absence of an abnormal infiltrate and with no increase in reticulin. Most cases are acquired and immune-mediated but there are also inherited forms. Environmental triggers include drugs, viruses and toxins but most cases are idiopathic. Aplastic anemia represents a well-recognized form of marrow failure. The bone marrow failure implies that peripheral blood cytopenia has arisen primarily as a result of a specific failure of bone marrow precursor cells to produce mature cells, rather than the production of abnormal cells that have a shorten survival or the production of normal cells that are subjected to an abnormal environment. There are two groups of bone marrow failure: the aplastic anemia, in which the failure lies in the pluripotent stem cell, and the single-cell cytopenia, in which the failure lies in one of the committed cell lines [12] . Aplastic anemia is a clonal disease of stem cell characterized by peripheral blood pancytopenia with hypocellular bone marrow. In most cases acquired aplastic anemia is an autoimmune, T-cell mediated disease (hematopoiesis is mediated by a population of CD8 + T-cells which produce inhibitory cytokines-TNF-alpha, IFN-gamma, IL-6 which suppress hematopoiesis by affecting the mitotic cycle and cell killing by inducing apoptosis). In some cases, radiation, medical drugs and chemicals, viruses induce a depletion of hematopoietic stem cells by direct toxicity; immune diseases induce complex immune reactions leading to bone marrow failure [13] .
• Classification of Aplastic Anemia on the basis of Severity is listed in Table 11 .  Myelodyspastic syndrome: The myelodysplastic syndromes (MDS) are among the commonest hematological malignant diseases, with an incidence of around 4 per 100,000 head of population per year and a prevalence of about 7 in 100,000. The incidence of MDS rises sharply with advancing age, reaching over 50 per 100,000/year in the age group over 80 years. Median age at disease onset is around 70 years; only about 10% of patients are below the age of 50. The main symptoms are signs of hematopoietic insufficiency, particularly symptoms of anemia; less often, susceptibility to infection and signs of bleeding occur. The MDS are diseases of the hematopoietic stem cells. They are characterized by disturbances of differentiation and maturation, and by changes in the bone marrow stroma. These are accompanied not only by reducing blood cell counts, but also with an increased risk (about 20% to 25%) of developing acute myeloid leukemia (AML). The disease course varies greatly from patient to patient, with median survival times ranging from a few months to many years [15] .  Acute Myeloid Leukemia: Acute myeloid leukemia (AML) is the most common acute leukemia in adults and the second most common frequent leukemia of childhood. Patients may present with lymphopenia or pancytopenia at diagnosis. Arginase II is expressed and released from AML blasts and is present at high concentrations in the plasma of patients with AML, resulting in suppression of T-cell proliferation. In addition, AML blasts can suppress the proliferation and differentiation of murine granulocyte-monocyte progenitors and human CD34 + progenitors [16] .  Hypersplenism: In hypersplenism there is peripheral pooling or trapping and destruction of cells in an enlarged spleen resulting in cytopenias. Increasing severity of the condition causes pancytopenia, as is seen in patients with chronic liver disease and thus hypersplenism may come out to be a common cause for pancytopenia. Causes of hypersplenism include congestive splenomegaly, malaria, tropical splenomegaly, thalassemia, Hodgkins disease or rarely idiopathic [6] . Table 11 . Classification of aplastic anemia [14] . Immune cytopenias can occur directly due to HIV infection, whereas the effects of opportunistic infections, lymphomas, malignancy and anti-retroviral therapy (ART) also play an important role. Bone marrow abnormalities are common in HIV infection and increase in frequency with advancing disease. The consequences of these haematologic problems are twofold. First, they are associated with morbidity in themselves that can adversely alter the patient's quality of life, such as from anaemia (fatigue and dyspnoea), leucopenia (infections) and thrombocytopenia (bleeding). Second, they hinder treatment of the primary viral infection, secondary infections and by complicating neoplasm [17] .  Hemophagocytic syndrome: Hemophagocytic syndrome (HPS) is characterized by the proliferation of benign macrophages responsible for extensive phagocytosis of hematopoietic cells due to a hyperinflammatory reaction that may cause alteration in cytotoxic function of T lymphocytes and natural killer cells. One of the most consistent findings is low or absent cytotoxicity activity of natural killer (NK) cells. This biological event is related to a defective production of cytokines and anomalous inflammatory reaction that change the normal behavior of the immune system leading to deregulated cell signaling. Some studies suggest that the lack of perforins, a hydrophobic protein that is packaged into specialized cytotoxicity granules of human natural killer cells (CD56 , and activated CD8 + T helper 1 lymphocytes (Th1), results in insufficiency to regulate or terminate a immune response. These perforins seem to act with granzymes, a serine protease, leading to induced apoptosis in the target cells. Mutation in the perforin gene accounts for about 20% -40% of hemophagocytic lymphohistiocytosis subjects. HPS is a clinical pathological disease described by histiocytic proliferation, fever, hepatosplenomegaly, cytopenia, altered liver function, hyperferritinemia, hypertriglyceridemia, low plasma fibrinogen levels, and/or frequently coagulopathy disorders. It can be genetic, when associated with an inherited alteration of T lymphocytes and NK cells behavior, or acquired, associated with infection, mainly Epstein-Barr virus (EBV), autoimmune, or immunodeficiency status. It is rarely associated with B cell lymphoma [18] .  Non hodgkin lymphoma: NHL is known to infiltrate bone marrow more commonly than Hodgkin's disease and thus leading to pancytopenia [6] .  SLE: An increase in leucocyte apoptosis and impaired clearance of apoptotic cells has been observed in patients with systemic lupus erythematosus (SLE). Apoptotic cells are likely to be a key source of autoantigens in SLE as they express many of the nuclear autoantigens (in surface blebs and apoptotic bodies) that are relevant to this disease. The clearance of apoptotic cells is usually a rapid process, such that a few cells are usually seen in the extracellular environment in vivo. Apoptosis, an active process of programmed cell death, does not release intracellular components into the extracellular space, minimizing the risk of a damaging inflammatory response. Apoptotic cells express many of the nuclear autoantigens that are relevant to SLE in surface blebs and apoptotic bodies. Delayed apoptotic cell clearance leads to prolonged exposure of autoantigens and predisposes to autoantibody production. The demonstration of apoptotic bodies in vivo is unusual and supports the notion that the marrow may be a target organ in SLE. Autoantibodies may have a role in scavenging apoptotic cells and their abundance suggests that normal clearance mechanisms are defective or overwhelmed in such cases. This may provide a source of autoantigens, initiating an autoimmune response, complement activation, inflammation and tissue damage [19] .  Hyperthyroidism: Hyperthyroidism can be associated with various hematological disorders. Single lineage abnormalities such as anemia (34%), leukopenia (5.8%), thrombocytopenia (3.3%) have been reported, but pancytopenia is a rare presentation. The suspected etiologic mechanisms include ineffective hematopoiesis, reduction in blood cell life span, and autoimmune process toxicity of thyroid hormone [20] .
Conclusions
1) Megaloblastic anemia is the leading cause of pancytopenia; 2) Clinical features of anemia (fatigue, dizziness and generalized weakness) are predominant clinical features at the time of detection;
3) Mean age group of the patient at the time of detection of pancytopenia is approximately 55 years old (54.96 on calculation) with the youngest patient being 15 years old and the oldest being 80 years old; 4) Mean Hb and RBC are lowest among megaloblastic anemia patients and mean WBC and platelets are lowest among patients of aplastic anemia; 5) Incidence of pancytopenia is slightly higher in male populations.
